Plasm* concentrations of etomidate have been measured in six patients who required intermittent positive pressure ventilation following surgery. There was an approximately linear relationship between the plasma concentration and the rate of infusion of etomidate! The drug exhibited linear pharmacokinetics over a 10-fold variation in plasma concentration. The decrease in the plasma concentration after discontinuing the infusion was consistent with a three-compartment pharmacokinetic model. The plasma terminal half-life was found to be about 5.5h, and the clearance calculated to be 0.025 litre kg" 1 min .
The use of an infusion of etomidate i.v. to provide sedation for patients requiring intermittent positive pressure ventilation in the intensive therapy unit has been described recently (Edbrooke et al., 1982) . The technique provides amnesia and sedation in association with stable respiratory and cardiovascular indices and has virtually eliminated the need for neuromuscular blocking drugs in our unit.
Although methods which measure the plasma concentration of etomidate have been described, the pharmacokinetics of the drug, when administered by continuous infusion, have not been investigated. We have measured the plasma concentrations of etomidate and studied the relationship between the plasma concentration and the rate of infusion of this drug.
PATIENTS AND METHODS

Patients and anaesthetic management
Data were obtained during a study of the efficacy of continuous sedation i.v. in the postoperative management of six patients requiring intermittent positive pressure ventilation. All of the patients had undergone maxillofacial surgery (table I) and all had given consent to these procedures. The study was approved by our Ethics Committee.
A cannula was inserted to the radial artery of the non-dominant arm under local anaesthesia. Dexamethasone 4mg was administered i.v. and anaesthesia induced with thiopentone 4mgkg~'. Alcuronium 0.2 nig kg" 1 was administered and the (McQuay et al., 1979) . Following surgery and throughout the study, analgesia was maintained with a continuous infusion of fentanyl 0.034 ngkg^min" 1 ; this was intended to produce a steady state plasma concentration throughout the period of study. Reversal of the neuromuscular blockade was not required.
The patients were transferred to the intensive therapy unit and 10 min was allowed for monitoring to be established. The patients were nursed in a quiet environment and wore ear muffs to reduce auditory stimuli i A bolus injection of etomidate 0.3 mg kg" 1 was given, immediately followed by an infusion of etomidate i.v. that was varied between 1 and 25figkg"'min" 1 , depending on the clinical response of the patient.
Magnesium trisilicate mixture BPC 5mlh~' was given through a nasogastric tube to decrease the acidity of the stomach contents. All other drugs were administered i.v. through a central venous catheter. A total fluid load of 1.8 ml kg" 1 h" 1 was maintained using a solution of 4% dextrose and 0.18% sodium chloride to supplement the infusions of etomidate and fentanyl. Bolus injections of dexamethasone (4mg every 6h) were administered to reduce inflammation.
Consciousness was assessed using a slightly modified version of the Glasgow Coma Scale (Teasdale and Jennett, 1974) . The modification was imposed because the patients were unable to make a verbal response on account of the endotracheal intubation. A scale, utilizing eye opening and best motor response, was used. The aim was to produce a level of consciousness such that the patients remained asleep but opened their eyes and obeyed commands when addressed. This scale may be more limited when it is applied to measure sedation than when it is used to measure brain injury, in that we have not seen extensor posturing in any patient recovering from sedation. However, we have used the scale extensively and have found that it provides a simple and readily reproducible guide to the patients' levels of consciousness.
Etomidate infusion and plasma concentrations
As it was anticipated that the patients would require artificial ventilation for about 2 days a solution containing etoniidate 750 mg in 500 ml of 5% dextrose was prepared. This volume of solution was sufficient for the entire period of the study and ensured that a constant concentration of drug was given (a solution of 125 mg of etomidate in 1 ml of ethyl alcohol (Janssen Pharmaceuticals) was used). The rate of infusion was controlled with a volumetric infusion pump (Tekmar), and was adjusted as required to achieve appropriate clinical conditions. Blood samples were drawn from the intra-arterial cannula at frequent intervals for the first 2 h and at 4-hourly intervals thereafter. Approximately 24 h after starting the infusion, the rate of infusion of etomidate was increased to the maximum rate given during the initial period of stabilization and then gradually decreased such that the eventual infusion rate was approximately double that of the previous 24 h. This was intended to achieve quickly a new steady state plasma concentration associated with a rate of infusion that was double that associated with the previous steady state. This rate was maintained for a minimum of 16 h. In four patients the effects of a third and in one a fourth incremental increase in the rate of infusion of etomidate were investigated (table I). The decrease in the concentration of etomidate after discontinuing the infusion was measured in blood samples taken at frequent intervals for the first 2 h and thereafter with diminishing frequency for up to 24 h.
Each 4-ml sample of blood was placed in a cooled stoppered tube containing heparin and 10 ^litre of a saturated solution of potassium fluoride to inhibit blood esterases. Plasma was separated from the blood sample by centrifugation and stored at -20°C until assayed.
Assay of etomidate
The etomidate was assayed in duplicate by high pressure liquid chromatography using propoxate as the internal standard. Propoxate hydrochloride 0.8y.g was added to each plasma sample and the etomidate and propoxate extracted into high grade pentane by placing on a vortex mixer for 30 s. The pentane layer was separated by centrifugation and evaporated to dry ness by warming to 45°C. The residue was dissolved in 200jilitre of the mobile phase that consisted of a mixture of 32.5% methanol, 32.5% water and 35% acetonitrile. A volume of 75 jilitre of this mixture was injected to an Altex 4.6 x 250-mm ultrasphere 5-^m C-8 column (Anachem) of a high pressure liquid chromatograph (Perkin Elmer series 3B). A flow rate of l^mlmin" 1 at 14mPa was used at ambient temperature. The etomidate and propoxate were detected using a spectrophotometer at 248 nm. The co-efficient of variation of this method using a 2-ml sample of plasma was 2.8% at 500nglitre" 1 and 8.3% at 50 ng litre" 1 (from 10 samples). The method was sufficiently sensitive to detect 8 ng litre" 1 from a single extraction. There was no interference from the known metabolites of etomidate nor from other drugs which the patients were taking. The plasma concentrations are expressed as total drug and as etomidate base (Ellis and Beck, 1982) .
RESULTS
The doses and steady state plasma concentrations of etomidate required to produce the desired degree of sedation in these patients are presented in table II. The mean steady state plasma concentration was 158±36nglitre~'. Although there was an approximately three-fold variation in both the dose and the plasma concentration of etomidate, the plasma clearance of etomidate was much less variable. In figure 1 , the results from one patient during the first 24 h are shown. It took 4-5 h to achieve steady state. The plasma concentrations and the degree of sedation remained unchanged thereafter. In every patient there was an approximately linear relationship between the rate of infusion of etomidate and the plasma concentration of etomidate. Linear regression analysis was used to determine the regression equation between the infusion rate and the plasma concentration for each patient (r>0.9; P<0.01). There was no significant difference between the slopes of these regression lines. The pooled results from all of the patients are shown in figure 2 , from which it can be seen that doubling the infusion rate, approximately doubles the plasma concentration of the drug.
The decrease in the plasma concentration of etomidate after discontinuing the infusion is shown in figure 3 . The results appear to fit into three phases: an initial fast decline was followed by a more gradual decrease, which was then followed by a much slower decrease; these are indicative of a three-compartment open pharmacokinetdc model.
The plasma concentration for each patient was fitted to an exponential function using a computer program. In this program, kinetic rate constants are calculated using non-linear least squares regression analysis. The polyexponential equations that describe these curves, together with the rates of drug transfer between the different compartments, are shown in table III.   800  760  720  680  640  600  560  520  480  440  400  360  320  280 
DISCUSSION
Plasma concentrations following a bolus injection of etomidatc have been studied in animals and man. Analysis of the experimental data has provided evidence for the presence of three compartments, one of which is a large central compartment that includes the plasma and the brain (Lewi, Heykants and Janssen, 1976) . These results were supported in man by Van Hamme, Ghoneim and Ambre (1978) and more recently by De Ruiter and his colleagues (1981) who gave their patients a bolus injection of etomidate 0.2 or 0.3mgkg -1 . This dose produced loss of consciousness within about 10 s and anaesthesia, followed by sleep, that lasted for 3-5min. However, during the first 5 min the plasma concentration was changing most rapidly, and made it difficult to identify accurately the plasma concentration associated with sedation.
Patients undergoing major maxillofacial surgery represent an almost ideal group in whom to study the pharmacokinetics of appropriate drugs in order to improve treatment. Following operation they require intermittent positive pressure ventilation, sedation and analgesia for about 48 h and this provides sufficient time to achieve steady state conditions.
At steady state we found that there was very little interpatient variation in the clearance of etomidate from the plasma. The mean plasma clearance was 0.025 ±0.001 (SEM) litre kg" 1 min" 1 . This rapid clearance is typical of a drug that is eliminated by metabolism rather than by renal excretion. The plasma concentration necessary to induce a suitable degree of sedation was more variable and the approximately three-fold variation was reflected in a similar variation in the rate of infusion. From our results, there appeared to be a direct linear relationship between the dose and the plasma concentration of etomidate at steady state-doubling the dose approximately doubled the plasma concentration.
On stopping the infusion, we found that the decrease in the plasma concentration was consistent with a three-compartment pharmacokinetic model. The exponents derived from the best curves through our experimental points were similar to those reported by other workers. However, our terminal exponent of 0.00218 min" 1 , which corresponds to a terminal half-life of 322 min, is somewhat longer than previously reported. Our estimate of the terminal half-life may be more accurate than previous estimates, as we were able to measure the concentration of etomidate for almost 24 h after discontinuing the infusion, whereas other workers reached their limit of detection approximately 6-8 h after giving a bolus injection. It is desirable to measure plasma concentrations for at least four half-lives to ensure accurate estimations.
The calculated rates of drug transfer between the compartments reported here are different from those reported following a bolus of the drug i. v. This may be attributable to the use of an infusion. For example, infusions tend to maximize the effects of tissue uptake through tissue:blood partition, whereas following a bolus injection, the amount of drug in the tissues is more sensitive to changes in perfusion of the tissues. The ratio of v/Jfe 10 of about 0.19 indicates that only about 19% of the drug in the body is in the central compartment and available for elimination. This compares with a ratio of 0.15 reported by Van Hamme, Ghoneim and Ambre (1978) , after a bolus injection.
Our patients took about 40min to awaken and this was longer than the time to recovery following an i.v. bolus dose. We could not detect any association with a specific plasma concentration. This delay may be partly attributable to a residual effect of the infusion of fentanyl, which was discontinued at the same time as the infusion of etomidate.
It is interesting to compare the elimination of etomidate with that of other drugs that have been used for sedation in the intensive therapy unit. The terminal half-life of etomidate may be shorter than that of chlormethiazole, but is considerably longer than that of alphaxalone. Moore and colleagues (1975) found the terminal half-life of chlormethiazole to be about 4 h in young adult volunteers and this value was subsequently confirmed by Jostell and colleagues (1978) . However, the pharmacokinetics of chlormethiazole are age-dependent and the terminal half-life increases to about 8.5 h in the elderly (Nation et al., 1976) . The influence of age on the pharmacokinetics of etomidate has not been studied.
Although chlormethiazole may be suitable for short-term sedation of a few hours (Seow et al., 1981) , prolonged infusion for up to 48 h, in patients requiring intensive therapy, was shown to be associated with delayed recovery (Scott et al., 1980) . This suggests a cumulative effect of the drug.
Althesin is probably the drug that has been most widely used for prolonged i.v. sedation (Ramsey et al., 1974) . Simpson (1978) calculated the terminal half-life of alphaxalone as 34 min, deriving the value from a two-compartment model, but from plasma concentrations taken for only 2 h following a bolus dose. The pharmacokinetics of alphadolone, which is formulated with alphaxalone, have not been studied. Sear and Prys-Roberts (1979) have noted that some patients with liver disease extract alphaxalone from the circulation more quickly than others and they suggest that this may be a result of changes in hepatic blood flow. In contrast, patients with liver disease remove chlormethiazole more slowly from the plasma (Pentikainen, Neuvonen and Jostell, 1980) and in these patients the dose may require adjustment. The effects of liver disease on the pharmacokinetics of etomidate have not been studied, but the rapid clearance of the drug from the plasma is typical of drugs that are metabolized in the liver and the clearance may be subject to changes in hepatic blood flow or hepatic function.
Changes in hepatic blood flow may also arise as a consequence of cardiovascular changes that result in a decrease in cardiac output. However, throughout the whole period of the study little variation in heart rate, or systolic and diastolic arterial pressures, was discernible. Further studies are in progress to assess in more detail the effects of etomidate on the cardiovascular system.
